The vast majority of cases of hydrocephalus are included in one of the two groups: (I) Communicating hydrocephalus; (2) obstructive hydrocephalus. The other types are rare. It will be noted that no separate subdivision has been made into internal and external hydrocephalus. It is a question whether external hydrocephalus ever really exists as a primary condition. It seems to be a secondary transformation of a primary internal hydrocephalus. This metamorphosis is probably due to a local or general atrophy of the cerebrum permitting escape to the exterior by these artificial channels. Because of the rarity of this condition, however, our facts are not sufficient to make a positive stand in this statement. It is conceivable, though not proven, that it may also result from a transfer of cerebrospinal fluid from the subarachnoid space to the subdural space in communicating hydrocephalus., The exact status of so-called external hydrocephalus is still in doubt. With this rare exception, nearly all hydrocephalus is internal; that is, the accumulation of cerebrospinal fluid is in the ventricles. It is internal for the very In acute meningitis of inflammatory origin there is undoubtedly an increased production of fluid from the products of the inflammnation. It is questionable whether an increase of fluid by exudation should be classified 570 with true hydrocephalus. It is probably external as much if not more than internal, because the infection has a general but principally external distribution. It subsides with the decline of the infection and is not of practical import in considering the treatment of hydrocephalus. An increase of fluid also follows trauma to the brain in fractures of the skull. It is probably of vascular origin, and usually subsides rapidly. Fundamentally the two main types of hydrocephalus-obstructive and commnunicating-are similar. Both are due to an obstruction in the cerebrospinal fluid circulatory system. In our series of cases in children the relative frequency is nearly the same. In the former the obstruction is in the ventricles and in the latter in the subarachnoid space. The only reason for subdividing hydrocephalus into groups is that the anatomical differences in the two types necessitate an entirely different operative procedure for the treatment of each.
In this paper only the treatment of the communicating type of hydrocephalus will be considered. A form of treatment for hydrocephalus with obstruction will be presented in a later communication. For a proper understanding of the basis for the operation herein proposed, a brief explanation of the underlying etiology and pathology is necessary.
The Etiology and Pathology of Hydrocephals with Co-mmunication.-It is the communicating type of hydrocephalus which has caused all hydrocephalus to be considered idiopathic. Though numerous explanations have been proposed, no pathologic findings have been presented until recently. All the ventricles communicate with each other and with the subarachnoid space, and post-mortem examinations of the brain have heretofore revealed nothing to the naked eye. The reason for the negative findings has been an inadequate knowledge (i) of the post-mortem appearance of the normal subarachnoid space and the pia arachnoid membranes; (2) of the alterations produced by pathological changes; (3) of the relation of the subarachnoid space to the absorption of cerebrospinal fluid; and (4) the anatomy and physiology of the cerebrospinal fluid circulatory system.
The only satisfactory time to observe changes in the meninges is when the brain is being removed. Adhesions of an extensive nature will then be seen and divided, but later will show very little in the preserved specimen. In cases of communicating hydrocephalus the meninges will be opaque and thickened, the normal filmy pia arachnoid will be replaced by a firm, fibrous, adherent membrane. This will be especially noted in the cistemae at the base of the brain. The adhesions are often so dense as to tear the brain during their liberation. It is the distribution or location of these adhesions, not their extent, which determines the production of hydrocephalus (Fig. 5) . Adhesions encircling the midbrain where it passes through the inc-isura tentorii, will destroy all communication between the posterior and middle cranial fossae and thereby eliminate the entire subarachnoid space over both cerebral hemispheres from participation in the absorption of cerebrospinal fluid. Hydrocephalus will invariably result from such a process. Adhesions which 571 close the cisternae at the base of the brain will also produce hydrocephalus just as effectively.
The extraventricular cerebrospinal circulatory system may be compared to the trunk and branches of a tree-the cisterna representing the trunk, the subarachnoid spaces over the cerebral hemispheres the branches. Obliteration of the cisterme by adhesions is equivalent to transection of the trunk of a tree. All distal communication will be destroyed and hydrocephalus will follow. Large areas of adhesions may be present over the cerebral hemispheres with only local effects and with no effect upon the general cerebrospinal fluid circulation. This is analogous to the absence of a relationship between the destruction of branches and the life of a tree. The absorbing function of these local areas is easily compensated by the subarachnoid space over the remainder of the brain.
In each of our cases these adhesions have also obliterated either one or two of the three foramina (Luschka and Magendie) by which the ventricles and the subarachnoid space normally communicate (Fig. 5) . One foramen remaining patent will maintain an adequate transfer of cerebrospinal fluid. Should the adhesions close all three foraimina at the base instead of only one or two, an obstructive hydrocephalus would result. In short, communicating hydrocephalus is due not to a reduction in the avenues of communication between the ventricles and the subarachnoid space but to a blocking of the primary trunks of the subarachnoid space, thus preventing cerebrospinal fluid from passing to the branches. The distribution of cerebrospinal fluid is thereby limited to that small part of the subarachnoid space in the posterior cranial fossa and the spinal canal. It does not include any of the subarachnoid space over either cerebral hemisphere, which is by far the most important area for absorption.
Cerebrospinal fluid is absorbed from the entire subarachnoid space. Adhesions obstructing the main stem of the subarachnoid space therefore limit the absorbing area to a fraction of the nornial, and the, diminished absorption results in accumulation of cerebrospinal fluid-hydrocephalus.
We have spoken of adhesions almost exclusively as the cause of communicating hydrocephalus. It is conceivable that certain tumors filling or compressing the cisterne may produce similar results. We have as yet no proof of this possibility. All of the cases observed by Dr. Blackfan and myself have had a meningitis, which has been both prenatal and postnatal. There is frequently a definite history of meningitis preceding the development of hydrocephalus, but this cannot always be obtained.
Studies with the phenolsulphonephthalein test enabled us to predict ante mortem the pathologic findings. By the dye it was possible to measure the amount of absorption from any region by the quantitative excretion in the urine. It was found that normally practically no absorption occurs from the entire ventricular system (less than i per cent. in two hours). All the cerebrospinal fluid is absorbed from the subarachnoid space; 4p to 6o per cent. being excreted in a two-hour interval, which has been adopted as an 572 arbitrary standard of time. In a large series of cases of commsunicating hydrocephalus the absorption from the subarachnoid space was found almost invariably to be only 8 to io per cent., or about one-fifth of the nomal.
In view of the fact that experiments on animals have demonstrated that absorption of cerebrospinal fluid is from the entire subarachnoid space, the lowered absorption in communicating hydrocephalus must mean a reduction in the extent of the absorbing area and at a fairly constant location. The localizati-on of the adhesions blocking the cisterne or surrounding the mesencephalon harmonized the physiological and clinical tests and the pathological findings. The frequent history of an antecedent meningitis is additional confirmatory evidence, should such be necessary. The experimental production of this type of hydrocephalus by duplicating nature's pathologic processes, leaves no doubt of the etiological and pathological basis of commnunicating hydrocephalus. This experimental proof will shortly appear, together with that of the other types of hydrocephalus.
In operations upon the brain of cases of communicating hydrocephalus, one is impressed by the absence of fluid in the sulci. The sulci are practically obliterated, and only vascular lines separate the convolutions. If hydrocephalus were due to occlusion of such fanciful structures as stomata into the venous sinuses or the Pacchionian bodies, as has been proposed, one should expect distended subarachnoid spaces up to the points of obstruction. The absence of extracerebral cerebrospinal fluid proves the non-existence of any such mechanism, and indicates the lack of cornumunication of the part of the subarachnoid space with the fluid-containing spaces; in other words, an obstruction must exist at some place nearer the origin of the cerebrospinal fluid.
The Diagnosis of Hydrocephalus with Conmunication.-Clinically, the two types of internal hydrocephalus are identical. Neither by the history nor the physical examination can they be differentiated. Frequently 
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of the normal, but it should do even more, for in hydrocephalus fluid is formed at a greatly reduced rate because of the changed intracranial pressure from fluid accumulation. It has been demonstrated that the formation of cerebrospinal fluid is to a large extent at least mechanical. This can easily be demonstrated by inducing venous congestion by compression of the veins of the neck. We know that fluid forms at a greatly lessened rate in hydrocephalus due to the increased intracranial pressure, because if it formed at the normal rate (which we know) the head would grow at a tremendous speed. Although nature can modify the rate of fluid production she is unable to reduce its formation to the level at which it can be absorbed. The removal of the choroid plexus from both lateral ventricles should be more than is necessary, but it seems preferable to remove too much with no consequent danger, than to run the risk of an insufficient removal, in which event a progressive destruction of the brain will inevitably result. Hydrocephalus even when developing at the slowest rate causes a rapid atrophy of the brain. It is of course obvious that if more than the necessary amount of choroid plexus is removed, extra-and intravascular pressure -differences will produce sufficient fluid to maintain the necessary amount of fluid to fill the ventricles.
The Operation.8-The steps in the removal of the choroid plexus are clearly shown in the accompanying drawings by Miss Norris. A small circular bone flap is made over the parietal eminence (Fig. 6) . The wound is made well posterior to the Rolandic area and in a salient part of the occipital lobe. After ligating numerous vessels on the cortex by circumvection, the cortex is bloodlessly incised and this incision carried into the ventricle. From the exposure which is over the junction of the body and descending horn of the lateral ventricle, the entire extent of the ventricle can be brought into view (Fig. 7) . The opening in the brain is maintained by an open nasal dilator (Fig. 8) , or when the ventricle is very large the brain wall must be elevated by a spatula which is inserted into the ven-tricle. It is necessary to remove all the cerebrospinal fluid in the ventricle to get a view of the choroid plexus; the brownish-red flocculent choroid plexus can then be easily followed from the foramen of Monro to the tip of the descending horn.
The choroid plexus is picked up in forceps at the foramen of Monro (Fig. 8) , and the vessels ligated by a silver clip. A pledget of moist cotton is inserted into the foramen of Monro to prevent blood gravitating into the third ventricle. The plexus is then transected and gently stripped backward from its narrow attachmnent to the floor of the body of the ventricle. When the glomnus is reached the stripping from the body of the ventricle is stopped and the choroid plexus picked up at the tip of the descending horn (Fig. 9 ). This part of the choroid plexus is also stripped backward to the glomus; the remaining attachment of the glomus is then liberated and the entire choroid 'I am greatly indebted to Professor Halsted for many suggestions in the development of this operative procedure, as well as in the experimental work upon which the operation is founded. plexus removed in toto. Bleeding from the denuded area of velum interpositum is slight and easily controlled by moist saline ootton pledgets. Special care must be taken to leave no bleeding points.
The collapse of the brain following evacuation of the ventricular fluid causes a remarkable infolding of the cerebral walls, the extent depending of course upon the size of the ventricle and thickness of the oortex. In advanced cases a tremendous cavity results, which is filled before closure with salt solution to restore the collapsed cerebral wall as nearly as possible to its natural convexity.
A remarkable exposure is obtained during the operation in the ventricle. One can see the third and opposite lateral ventricle and the septum lucidum which is frequently perforated in many places owing to pressure atrophy.
The opening in the cortex is closed with a series of interrupted fine silk sutures which are held by the delicate pia arachnoid membrane. The dura and scalp are carefully closed also with silk, special care being taken to prevent any subsequent leak of cerebrospinal fluid.
Result.-I have extirpated the choroid plexus in four cases of hydrocephalus from Professor Halsted's Clinic. All of these have survived the operation, although three died two to four weeks after the operation. One patient has survived a bilateral choroid plexectomy ten months, and shows no evidence that the disease is advancing. During and following the operation the reaction seems to vary directly with the grade of the disease. If the ventricle is small the operation will be well tolerated even by a very young baby. When the ventricles are large and the cortex is greatly thinned and marked enlargement of the head has resulted, a very severe reaction occurs during the operation and the convalescence is very slow. In the highest grades of hydrocephalus death will follow almost immediately upon release of the fluid, or a very severe reaction will result at once and death will quickly follow. In the advanced cases we can hold out very little encouragement front operative procedures of any kind which will necessitate release of fluid and consequent collapse of the brain. There is, however, little object in attempting a cure of the disease in this advanced stage because the child would be left a hopeless imbecile. In the three cases of this series which subsequently died the hydrocephalus was of the extreme grade. In each of these there was an immediate operative collapse, beginning with pallor of the face and body, rapid feeble pulse which quickly becomes imperceptible, cold clan*ny perspiration, rapid, shallow and irregular respirationsin other words, typical shock. These changes invariably begin with evacuation of ventricular fluid, and are undoubtedly due to differences of pressure which affect all the blood-vessels and directly or indirectly the centres in the medulla. Following escape of the fluid the thin brain walls collapse like a wet cloth. In addition to the differences in intra-and extravascular pressures, the mechanical kinking of the large vascular trunks by angulation of the infolding brain must have a pronounced effect upon the circulation. 577
In each instance there was a gradual recovery, and death came from two to four weeks later. In two cases death was no doubt due to gradually pro. gressive acute intracranial pressure which we now would be able to recognize and probably alleviate. In a third case the cause of death is still uncertain, though undoubtedly a result of the operation. The temperature rose to io8' four hours after operation; remained around io20 to i06o for two weeks. Though conscious, the ability to swallow was lost and not regained. At autopsy no cause for death could be observed.
In the fourth, case, which is still living and well and with no evidence of progress of the disease, no post-operative effects were observed, despite the fact that within three weeks of birth three operations were performed, one for the removal of a large myelomeningocele and two for the bilateral extirpation of the choroid plexus. Feeding was uninterrupted; the temperature at no time rose over ioo0, and the rising curve of body weight was not even temporarily affected.
This case was kindly referred to me by Dr. J. Whitridge Williams, who made a most unusual diagnosis of hydrocephalus immediately following the child's delivery in his clinic. The head was not enlarged but the fontanelles were wider and a trifle fuller than normal (Fig. i) . The myelomeningocele also suggested the possibility of hydrocephalus. A ventriculogram4 showed a well developed hydrocephalus with complete obliteration of the posterior horn of the lateral ventricle (Fig. 2) . In no other way could this very early tentative diagnosis have been substantiated.
Unfortunately in this case our diagnosis of communicating hydrocephalus has been to a large extent conjectural. The large myelomeningocele filling the lumbar region precluded successful lumbar puncture, so that we were unable to determine by the phenolsulphonephthalein test whether communication was present, or indirectly by quantitative absorption whether the hydrocephalus was of the communicating type.
The absorption of phenolsulphonephthalein following injection into the ventricle was 2 per cent., which is a little higher than in obstructive hydrocephalus and about what obtains in communicating hydrocephalus. This is not considered conclusive by any means, as the difference between the ventricular absorption in the two types of hydrocephalus is not great enough to be a decisive test. The meningocele is by no means evidence in favor of a communicating and against an obstructive hydrocephalus.
Wherever possible both choroid plexuses should certainly be removed. This requires two operations, the length of time intervening depending upon the reaction following the first operation. Only one of our cases has had a bilateral extirpation. It is doubtful whether the removal of the choroid plexus of one ventricle would produce more than a retardation of the disease, which, of course, would be of no ultimate benefit. 'Dandy, W. E.:, Ventriculography Following the Injection of Air Into the Cerebral Ventricles. ANN. SURG., July, I9I8. 578
